Abstract-This paper proposes theoretical and methodical approaches to forecasting of quality of life in regions using neural networks. Assessment of quality of life main indices is a subject of study of both federal statistical agencies and several expert organizations. However, an adequate measurement of these indicators is confronted with information and methodological problems, which include: the incompatibility of methods of measurements in Soviet Union and modern Russian statistics; incomplete pools of data associated with various negative processes, administrative reforms and institutional changes in the Russian economy; partial loss of historical statistical data. This determines the inability to use time series models of economic indicators to identify the main development patterns, and the resulting trends are limited and not reliable enough. Furthermore, most methods have applicability limits and do not work with incomplete or "noisy" data. Therefore, it is proposed to use neural network technologies and intelligent information systems developed on their basis as alternative approach for solving semistructured and unformalized problems of analyzing the quality of life, as well as constructing forecasting models. A comparative analysis of the researches of Russian and foreign authors on the problems of assessment and constructing a integral indicator of the quality of life of the population is carried out. The author proposes an assessment model, as well as the results of a neural network construction, and an economic interpretation of the obtained results.
I. INTRODUCTION
The problems of regional development management include, first and foremost, quantitative measurements of the main basic indicators of quality of life, as well as analytical methods for assessment of the integral indicator of the quality of life and building of forecasting models on their basis.
Models of indicator systems reflect hidden (not measurable directly) factors that form this category, and can also be viewed as a result of the activity and interaction of authorities of different levels (federal, regional and municipal). The efficiency of public administration is determined by the possibility of a positive impact of relevant management structures on the economic and organizational processes taking place in the region, which should be reflected in the relevant indicators of economic and social development. In this regard, the development of a composite model of metrics that define the standard of living and quality of life of the population will allow forming scientifically-based economic and social policies of the region.
Assessment of quality of life main indices is a subject of study of both federal statistical agencies and several expert organizations. In this connection it is necessary to notice the statistical yearbook published by Rosstat "The Social Situation and the Quality of Life of the Population" [1] , which is the most composite edition that accumulates data obtained from sample observations, as well as data published by the ministries of the Russian Federation. Another analytical study in this field is the annual rating of the magazine "Expert" and the rating agency "RIA rating", that is published since 2012. [2] However, an adequate measurement of these indicators is confronted with information and methodological problems, which include: the incompatibility of methods of measurements in Soviet Union and modern Russian statistics; incomplete pools of data associated with various negative processes, administrative reforms and institutional changes in the Russian economy; partial loss of historical statistical data.
This determines the inability to use time series models of economic indicators to identify the main development patterns, and the resulting trends are limited and not reliable enough.
Similar problems arise in the building of forecasting models, constructed as systems of equations connecting individual characteristics through weight coefficients, or balance sheet identities that determine certain parameters through the system of others.
II. MATERIALS AND METHODS (MODEL)
At present, there are many statistical methods and models for analyzing indicators of the quality of life and constructing a integral indicator. However, most methods have applicability limits and do not work with incomplete or "noisy" data. Therefore, it is proposed to use neural network technologies and intelligent information systems developed on their basis as alternative approach for solving semistructured and unformalized problems of analyzing the quality of life, as well as building forecasting models.
The description of quality of life and standard of living requires consideration of many interrelated factors that are added to the research system in a nonlinear way. To solve this problem, it is proposed to use neural network technologies. Neural networks are used in the case when relationship between the input and output data is a priori unknown. In such situations, both traditional mathematical and expert systems fail. It is the ability of artificial neural networks for generalization and data mining within network elements that allows them to successfully cope with the tasks of forecasting and the classification of objects in economic analysis.
As a rule, measurements of the standard of living and the quality of life of the population are conducted in the direction of assessing the income of population groups, demand and consumption that have developed at the regional level. Several studies are dedicated to the research of savings, housing, social characteristics of the population, the dynamics and differentiation of these indicators in the context of population groups and regional economies. [3] .
In these studies, systems of absolute and relative indices are constructed to characterize the degree of provision and satisfaction of the needs of different categories of the population. [4] In many models of the standard of living, authors apply methods where they identify the concepts of "the cost of living" and "the quality of life". Classical economics determines the cost of living as the value of a set of commodities which is determined, first of all, by the level of prices for food and services, as well as by changes in types of income, consumption patterns, tax legislation, and demographic indicators of population groups. The main calculated rates are consumer basket and commodity bundle, as well as living wage. [5] The quality of life is another category that requires taking in consideration not only cost indicators but also other factors.
Quality of life, unlike the category of "standard of living", is a more complex compound category that reflects all the conditions of life and its development that are essential for a person. It should not go without mentioning the research of Aivazian S., who showed that the integral indicator (integral indicator / integrated index) that define the quality of life should be constructed on the basis of 5 groups of indicatorsthe quality of the population, the welfare of the population, the quality of the social sector, the quality of the environment, the natural and climatic conditions. [6] . However, there remain problems of the selection of particular criteria for each block and the problems of folding the indicators into an integrated one. The construction of the forecasting models based on the proposed system of indicators, faces the problems that have already been mentioned above.
Over time, the term "standard of living of the population" replaced in Russian scientific literature such concepts as "people's welfare", "degree of satisfaction of material and nonmaterial needs", and was used more often than the broader term "quality of life". This is due to, first of all, the possibility of using quantitative statistically monitored indicators, as well as its wider spreading in foreign studies. [7] The main methodological approach in the study of poverty and social stratification are various kinds of sociological surveys and observations. However, the micro-level of these studies does not allow to apply their results to the regional economy and to develop on their basis a suitable socioeconomic policy.
Among the foreign practices of assessment of the standard of living (or the standard of well-being), the most famous and widely recognized index is the Human Development Index (HDI). The index was created in 1990 by a group of economists led by the Pakistani economist Mahbub ul Haq. However, the conceptual structure of the index was developed on the basis of the work of Amartya Sen. The index is published since 1990 by the United Nations in the annual Human Development Report.
The HDI measures the country's achievements in terms of state of health, education and actual income of its citizens, in three main areas for which the indices are valued:
-Life expectancy index: health and longevity, measurable indicators of the average life expectancy at birth.
-Education index: access to education, measured by the average expected length of schooling for school-age children and the average length of adult education.
-The index of gross national income: a adequate standard of living, measured by the gross national income (GNI) per capita in US dollars at purchasing power parity (PPP). "The Human Development Report 2016. Human Development for Everyone." is available at the UN website http://hdr.undp.org/.
In 2010, the family of indicators that measure the HDI was expanded; three new indicators were introduced in addition to the indicators used before: The Inequality-adjusted Human Development Index (IHDI), the Gender Inequality Index (GII) and the Multidimensional Poverty Index (MPI).
Different approaches to measuring well-being have been undertaken in different countries at different levels. In some countries, was built a unified index of well-being, in others -a preference was given to the "dashboard" (monitor panel). Each of these approaches has its strengths and weaknesses. [8] .
As for the possibilities of predicting the standard of living, there is also no unequivocal scientific approach to these issues.
The most promising application of neural networks is the analysis of numerical data in a certain limited range. This creates problems in cases where the data has a non-standard scale, in case of missing values and non-numeric data. [9] Many real tasks have to deal with not completely reliable data; the values of individual variables can be distorted by noise or partially absent. Neural networks are generally resistant to noisy data, which allows applying them in prediction tasks.
[10]
Among all the properties of artificial neural networks, the most interesting one is their ability to learn. The learning process identifies the statistical properties of the learning set and classifies similar vectors into classes. The input of a vector from this class will give a certain output vector, but it is impossible to predict before learning which output will be produced by this class of input vectors. Consequently, the outputs of such a network must be transformed into some understandable form, conditioned by the learning process, which, as a rule, is not a difficult task. [11] Currently, foreign academic journals publish results of applied research in the field of economics and sociology, based on the use of neural network technologies and machine learning, including methodological and practical aspects of forecasting economic growth [12] .
III. RESULTS AND DISCUSSION
Building a neural network requires careful selection of input data that affects the expected result. It is necessary to exclude from the input data, all information that is not related to the problem under study in order to avoid problems with the network setup. Therefore, at the first stage, a cognitive analysis of the problems and factors of the social and economic development of the region was carried out. The results of cognitive analysis were used to describe the impact factors. However, when creating the data set, the author encountered difficulties in collecting primary data. Some of them were practically absent in Rosstat's statistical compilations, some of them used different methods of collection and assessment. Therefore, as a result, the second group included 7 indicators, which allowed building a neural network. Among these are: the incidence rate per 1000 population; emission of pollutants into the atmosphere; the number of recorded crimes per 100,000 population; total fertility rate; number of professional educational organizations; number of higher education institutions; households that have access to the Internet. 255 observations were collected over the period of 3 years for 85 regions of the Russian Federation to train the network, later data for some regions were excluded (Republic of Crimea, Sevastopol, Nenets Autonomous District). The network was trained on data collected between 2010 and 2015. Verification of the predictive capabilities of the network was carried out on the data of 2016 to compare the real values and the obtained theoretical data (network forecast).
Analytics platform Deductor was used for the analysis. As a result of building a neural network, the Deductor Studio program generates a mapping of the neural network in the form of a graph represented on the slide. The graph has vertices that correspond to the network modules, as well as edges that describe the connections between the modules. Under the graph is placed a measuring scale corresponding to the strength of the connection between the modules.
The scatter plot (see Figure 1) shows that the predicted values of five out of 255 observations exceed the error of 0.05, i.e. 2% of observations are not included in the given limitations.
Particular attention should be paid to the "what if" tool, because it allows to apply the generated model to data for 2014. To do this, we collected data for 2014 for 7 variables.
For example, the data for the Volgograd Region for 2014 were entered. At the output, the model calculated a value equal to 0.829. The actual Y value for the region for 2014 is 0.859, i.е. the predicted value differs from the actual value by 3.5%. For the Moscow region, the forecasted value was 0.935, and the actual value was 0.946, the difference was 1.2% Fig. 1 . The scatter plot with a given error value of 0.05.
Based on the results of the data evaluation, the average error value of the predicted data was 2.77%, the maximum error value was 6.93%, and the minimum error was 0.07%. 90% of the observations have an error of less than 5%. Based on these data, it can be concluded that the network has been fully trained and the model has been successfully built.
Furthermore, the "what if" tool has graphs showing dependence of the indicators on the output parameter under otherwise equal conditions. The diagrams are mainly used to select the value of one of the input fields to obtain the desired output. In this study, diagrams can show the type of dependence of input variables on the output parameter.
The graph in Fig. 2 shows that in regions with a higher standard of living, there are more pollutants are being emitted into the atmosphere, which is due to the presence in industrialized regions of manufacturing enterprises. In this case, the graph is not linear. However, it is interesting that the form of such dependence is somewhat different than in the previous case. At the Fig.4 the dependence of the standard of living on the variable looks like a parabola, up to a certain point (in this example up to 60), the dependence is direct at first, and then inverse. Thus, it can be concluded that in regions with a high standard of living, the number of households with access to the Internet, after reaching a certain level (in this case -60), no longer affects the quality of life in the future. However, the presented results require further research and raise new questions. For example, the choice of one output parameter -HDI as a parameter describing the standard of living of the population is not entirely justified.
Author proposes in the further research to extend beyond only one output parameter, and to build integral indicator for the proposed 5 blocks.
The model requires refinement and a larger set of input parameters. It is proposed to adjust the systems of indicators is to be carried out using the canonical correlation approach, that allows to estimate the strength of relationships between groups of indicators.
However, even in a limited form, the obtained model showed quite good predictive properties.
